Lipid bilayer permeation by neutral aluminum citrate and by three alpha-hydroxy carboxylic acids.
Several groups have proposed that aluminum (Al) may permeate biological membranes as a neutral complex with citrate. We tested this hypothesis by measuring aluminum citrate flux across unilamellar phospholipid vesicles (liposomes). Results from two independent procedures show that lipid bilayer permeation by the neutral aluminum-citrate complex is slow (P approximately equal to 1 x 10(-11) cm.s-1). We then compared aluminum-citrate permeation with permeation by a series of alpha-hydroxy carboxylic acids and by trimethylcitrate. This comparison showed that the aluminum-citrate flux is limited by diffusion across the water/lipid interface. This is due to hydrogen bonding between water and the citrate carboxyl groups, and by hydration of the bound metal in the aqueous phase. By analogy with citric acid, steric hindrance of diffusion within the bilayer does not affect the permeation rate of aluminum citrate. Elevated tissue levels of Al in subjects fed a diet supplemented with citric acid and Al(OH)3 cannot be explained by lipid bilayer permeation of the neutral complex.